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Abstract 
In recent years the number of medium rise buildings is slowly increasing in North Cyprus. As a result, the need to use 
new construction materials and technologies is becoming more essential. Using hot rolled steel and cold rolled 
galvanized light gauge steel for building frames are two of the possible alternatives to reinforced concrete building 
frames currently used in the market. The number of steel framed buildings so far is less than five percent of all the 
buildings. Steel is an imported material. It is mainly used for the industrial buildings, either as truss roof system 
and/or complete portal frame and/or truss roof steel framed single storey structures. The engineers are not 
knowledgeable enough, the lack of training, inadequate fabrication facilities and many years of having used to 
reinforced concrete framed structures are the main reasons for engineers not using enough steel framed structures. 
The first part of this paper investigates the problems and possible solution of steel usage for structures in North 
Cyprus by analysing the number of buildings constructed after the year 2000. The second part summarizes the 
problems relating to the local reinforced concrete framed building construction, including inadequacies of repair, 
quality control, material quality and isolation of buildings from the external effects. Sustainability, stability and repair 
aspects for steel structures in comparison to reinforced concrete structures in North Cyprus are also briefly discussed 
in this paper. 
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1. INTRODUCTION
Design standards and construction methods have changed very fast since last century. Nowadays, 
design codes are so useful for researchers and engineers to design buildings with realistic loads. This 
development also help designers to supervise the structural behavior by modeling buildings under 
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different load combinations and the computer modeling results tend to be closely in agreement with the 
real and structural behavior in new and old buildings. 
Various types of construction methods and framing are used around the world but one of the most 
usual one is reinforced concrete which is generally used in North Cyprus. Since mid 1960s Reinforced 
concrete structures started to become more famous in North Cyprus. The reinforced concrete structures 
are still dominating building construction in North Cyprus. The suitability and economy of the use of 
reinforced concrete instead of other materials, such as steel structure, is currently frequently discussed 
between academics and the practicing engineers. The general tendency in the world is towards using more 
recyclable materials like structural steel. When sustainability of materials is concerned, there is a big 
question mark regarding the use of reinforced concrete frames in North Cyprus (Naimi, Celikag, 2010). 
History of steel structures goes back to 1856; brick, stone, timber, cast and wrought iron were 
materials that regularly used in building construction. However, steel started to be more frequently used 
because of high strength, high stiffness, good ductility and easy fabrication (Martin and Purkiss, 1992). 
Steel frames can develop the strength and ductility that it is required to resist strong seismic loading. 
Steel is mostly used for structures which loads and spans are large. On the other hand, it can be used 
for low-rise, medium-rise and high-rise buildings, bridges, towers, pylons and floors. Steel is a 
homogeneous material. By contrast, steel do not have good resistance to fatigue and brittle fracture at low 
temperatures (Clarke and Coverman, 1987). 
There has been a fast growth in technology and the availability of wide range of construction materials. 
Most of the countries are seriously researching in finding new technology to developed new materials but 
some countries, like North Cyprus, are still slow in this aspect. Turkey is one of the largest steel 
producers in the world but North Cyprus being related to Turkey is not using steel for construction as 
expected. Lack of local production, initial cost of steel and also inadequate professionals with expertise in 
steel design and construction are the main reasons for engineers and owners preferring to use reinforced 
concrete instead of steel for structures. On the other hands, people are reluctant to change their old habits. 
They are interested in short term benefits and they do not want to spend time to see the long term benefits 
of using other materials (Celikag and Bozkir, 2002). 
There is a problem with poor construction quality in reinforced concrete buildings in North Cyprus as 
a result of inadequate attention to some of the design and construction details by designers and 
construction workers. Getting the details right is essential for adequate building design and avoiding 
workmanship problems. However, increase in the demand for building design and construction lead to 
engineers dealing with larger volume of design work and recruitment of foreign workers or foreign 
workers looking for jobs managing to find their way in North Cyprus to carry out the construction works. 
As a result poorly controlled work force that not all are skilled to carry out construction works.  
This study is aimed at highlighting the problems in construction industry, suggesting possible solutions 
to such problems and looking into the usage of steel for structures in North Cyprus by analysing the 
number of buildings constructed after the year 2000. This paper also summarizes the problems relating to 
the local reinforced concrete framed building construction, such as, quality control, material quality and 
isolation of buildings from the external effects and inadequacies of repair. Sustainability, stability and 
repair aspects for steel structures in comparison to reinforced concrete structures in North Cyprus are also 
discussed in this paper. 
2. PROBLEMS RELATING TO THE USE OF STEEL STRUCTURES IN NORTH CYPRUS 
The number of buildings constructed between the years 2000 and 2007 can be found in Table 1 and 
Table 2. By analyzing these tables it can be seen that the numbers of medium rise buildings are slowly 
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increasing between the years 2000 and 2004, the rate of increase is 17%. But between the years 2004 and 
2007 the number of medium rise buildings constructed was up by more than 151% (Figure 1). 
Table 1: Number of buildings which is constructed between 2000 and 2003 
 2003 2002 2001 2000 
 Low rise Med. rise Low rise Med. rise Low rise Med. rise Low rise Med. rise 
Lefkosa 22 27 13 21 31 16 12 14 
Gazimagusa 41 61 21 57 145 118 34 66 
Kyrenia 55 36 28 28 54 23 40 31 
Guzelyurt 4 1 14 4 30 1 15 0 
Iskele 16 5 9 3 46 2 15 0 
Total 138 130 85 113 306 160 116 111 
Table 2: Number of buildings which is constructed between 2004 and 2007 
  
2007 2006 2005 2004 
Low rise Med. rise Low rise Med. rise Low rise Med. rise Low rise Med. rise 
Lefkosa 40 93 70 73 24 35 32 27 
Gazimagus
a 73 100 52 98 58 71 49 53 
Kyrenia 52 64 25 51 38 40 15 17 
Guzelyurt 8 7 7 1 7 0 10 5 
Iskele 39 0 84 3 114 3 101 3 
Total 212 264 238 226 241 149 207 105 
 
Figure 1: Buildings Constructed between the years 2000 and 2007 
2272  M. Celikag and S. Naimi / Procedia Engineering 14 (2011) 2269–2275
When the results of the above analysis are considered it becomes clearer that there is an urgent need to 
reconsider the construction methods and materials and other aspects, such as quality control, sustainable 
building development, etc. relating to construction industry. It is almost necessary to consider alternative 
materials, such as, steel framed structures, light gauge steel framing and timber construction. 
The findings of the research accomplished at Eastern Mediterranean University which was on the 
economical benefits of using steel framed houses and industrial buildings instead of the reinforced 
concrete framed buildings indicated that the steel framed buildings are more economical with the added 
advantages of being recyclable, lighter, more flexible, etc (Celikag and Bozkir, 2002). Furthermore, 
isolation of steel from the external effects and its corrosion control is easier than the isolation of 
reinforced concrete and the corrosion control of rebar in reinforced concrete. Also, when structural 
members are damaged to an extend that it requires replacement then it is more economical and easier to 
repair steel than reinforced concrete. 
Then why reinforced concrete construction is still the favourite type of construction in North Cyprus? 
First of all the engineers are not yet fully aware of the benefits of using steel structures, timber, load 
bearing bricks, these are mainly imported materials, inadequate local fabricators and steel erectors, 
inadequate knowledge and experience of engineers in steel, timber and masonry design and site control 
are some of the reasons of why alternative materials are not used more frequently.  This means that local 
engineers need to be trained on how to design alternative materials and which design codes can be used 
for this purpose. Turkish design code TS 500 is used for reinforced concrete design in North Cypus. The 
Turkish steel design code requires updating and currently the alternative could be the use of Eurocode 3 
for this purpose. Then it is necessary to consider local conditions while using Eurocode 3 or any other 
steel design code. More and more engineers are using computer programs to carry out structural design. 
The most popular design software does not include Turkish design codes. Therefore, there is a need to 
work on this matter either to form a local standard or to form national annex to be used with other 
alternative design codes, like Eurocode 3, AISC-LRFD, etc. Table 3 gives the details of the Turkish 
Standards relating to steel design and their equivalent European standards. 
 There is also a need to make sure that the future civil engineering graduates will take courses on 
alternative structural materials and systems so that they could develop themselves to handle such 
structures. Similarly, architects also need to develop themselves in a similar manner since in developing 
countries they have more influence on the structural form and materials. 
Furthermore, training programs for workers can be so effective on constructions quality control. 
Conferences and seminars could be useful for the engineers, architectures and other professionals in 
construction industry and it can help them to be up to date with new construction designs methods. Hence, 
frequented training should focus on giving or reminding these qualities to construction professionals and 
workers (Naimi and Celikag, 2010). 
Other problem is lack of local steel fabrication, there is no such industry in North Cyprus hence steel 
had to be imported mainly from Turkey. This is not only making the price of the steel high but also 
forcing the stockists to keep small amounts of steel in stock or else import according to demand. When 
the above-mentioned reasons are added to the problems of import and stock then, according to Engineers 
and Architects, steel becomes undesirable for construction. 
North Cyprus is in Earthquake zone 2. Problematic soils exist in many parts of the island. There has 
been extensive research into soil of Cyprus by the researchers in the Department of Civil Engineering, at 
Eastern Mediterranean University, where there is a well established geotechnical research laboratory. 
Engineers always try to keep the weight of the structures at a minimum possible level for better 
performance and economy. However, whenever there is earthquake and problematic soils then it is an 
added benefit to try to reduce the weight of the structure. This can be achieved by using lighter 
construction materials, such as structural steel and wood. 
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Table 3: The most common steel related Turkish Standards (Celikag and Bozkir, 2002) 
Turkish Standards  European Equivalent Standards  
TS 648: December 1980 Building Code For Steel Structures  EC3  
TS 908: April 1986 Hot rolled steel equal angles with round edges  EN 10055, EN 10056-2 EURONORM 56 
(1977)  
TS 909: April 1986 Hot rolled steel unequal angles with round edges  EN 10056-2 EURONORM 57 (1978)  
TS 910: April 1986 Hot rolled I-Beams  Pr EN 10024, EN 10034 EURONORM 
19 (1957) EURONORM 53 (1962)  
TS 911: April 1986 Hot rolled T-Bars with round edges   
TS 912: April 1986 Hot rolled steel channels with round edges  EURONORM 24 (1962) EURONORM 
54 (1980)  
TS 913: April 1986 Hot rolled Z-Bars with round edges   
TS 2162 EN 10025: April 1996 Hot rolled products of non-alloy structural steels-
technical delivery conditions  
EN 10025 
On the other hand, use of structural steel or wood may decrease the possible construction material 
related mistakes done during construction. Furthermore, the use of alternative construction materials may 
speed up the construction process of structures which leads to savings in the total cost of the project and 
therefore positively contributes to country’s economy. Nowadays, extensive use of local materials, such 
as sand and aggregate, is started to cause serious environmental problems in North Cyprus as far as 
construction waste and limited natural resources are concerned. 
3. PROBLEMS RELATING TO THE LOCAL REINFORCED CONCRETE FRAMED 
BUILDING CONSTRUCTION 
Different types of construction and structural framing are used all around the world but one of the most 
frequently used one is reinforced concrete. This is also the most common construction method in North 
Cyprus. This section overlooks the problems relating to construction with reinforced concrete (RC) 
framing in North Cyprus. For this purpose, a number of buildings in Gazimagusa and Karpaz region were 
investigated and various tests were performed to determine the reasons for these RC building structures 
having wear and tear and appear to be run down. Inadequate quality control, incorrect isolation of 
buildings from the external effects, honeycombing due to inadequate vibration (Figure 2) of concrete, 
lack of regular maintenance, inadequate soil investigation that is essential before construction and use of 
wrong foundation types are some of the reasons causing problems to RC building structures.  
On the other hand, the types of inadequacy could vary from one case to the other depending on the 
source of cause. For example, inadequacy of experienced laborer, wrong detailing, and inadequacy of 
quality control that is most common reason for problems in construction activities and lack of soil 
investigation for specific projects (Celikag and Ozbilen, 2007). 
The above figures give examples to poor quality construction in North Cyprus. Figure 2(b) indicates a 
problem that is originated as a result of inadequate vibration of the column during the concrete pour. The 
quality control that is highly essential in building construction was not taken into consideration and 
furthermore, the problem was unsuccessfully tried to be eliminated by using plaster. This kind of a 
problem may possibly lead to the failure of column during an earthquake. Figure 2 (b), provides an 
example of a cold joint where wood is left inside the reinforced concrete and corrosion which started in 
the bars could cause more serious problems during the lifetime of the structure. 
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(a)                                                             (b)                                                         (c) 
Figure 2: (a) Inadequate vibration, lack of experienced labourer (b) Poor quality control and workmanship (c) Corrosion in column 
bars 
Figure 2(b) also shows honey combing in slabs and column which can happen due to lack of vibration 
(Lin and Sansalone, 1992); the columns compression capacity gets influenced by the presence of honey 
combing. Cyprus is placed in Earthquake zone 1 and 2 (Ministry of Public Works and Settlement, 1975, 
1997, 2007). Therefore, the compressive stress value for the column is very essential if columns are 
influence by the earthquake loads. There are many tremors with different magnitudes throughout the year 
in this area which some of them are high in magnitude. Consequently, it is very essential to consider 
earthquake loads on structures and attempt to put all the necessary efforts in accomplishing quality work 
to increase the safety of structures. 
The high level of underground salty water is another problem in North Cyprus in particular when the 
water isolation during the construction is not considered. This may cause corrosion of reinforcing bars 
inside the foundations and then lower parts of the column which can lead to cracks on the lower parts of 
the concrete column (Figure 2(c)). 
Currently TS 500 (Turkish Reinforced Concrete design code) is commonly used to design reinforced 
concrete structures in North Cyprus (Turkish Reinforced Concrete design code, 2000). Currently, there is 
a propensity among designers to start using new codes such as Eurocodes for design. It is essential for 
design engineers to get continuous training to be confident in using new design codes, such as Eurocodes. 
On the hand, it is necessary to establish local design parameters which are more realistic to be used in 
design for local conditions. 
4. CONCLUSIONS 
In this study, a variety of problems have been identified and some suggestions for solutions were also 
given for the construction industry in North Cyprus. In order to construct safe and stable structures in 
North Cyprus, the above recommendation must be considered. Besides, steel structure can become 
another alternative to current construction methods among designers since it is easy to maintain, repair 
and has more ductility when subject to earthquake loads. Furthermore, lower weight in this structural type 
is another important aspect that should be considered due to the low soil bearing capacity in North Cyprus. 
It is essential to search for new materials and adopt modern methods of construction within the industry.  
The environmental impacts of concrete in building construction can be reduced by making use of steel. 
Steel can be recycled and repaired, as a result constituting positive impact on the environment. In addition, 
using steel in construction makes it easy to change structural design or repair the damaged parts. On the 
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other hand, concrete is more difficult and expensive to repair as a result of damage due to fire or exposure 
to earthquake loading. During re-construction often concrete had to be completely destructed which make 
reinforced concrete more time consuming and as a result more expensive. Importing materials like 
reinforcing bars, cement is necessary for reinforced concrete. Using reinforced concrete framed buildings 
causes dust and noise pollution as well as environmental destruction at the stone crushing factories 
located at the Besparmak mountains.  The imported materials used in construction can neither be reused 
nor exported and as a result, waste dumping sites gets filled with construction waste.  
However, to solve these problems it is essential that suitable conferences and seminars should be 
organized to increase the awareness of professionals in construction industry towards achieving 
information most needed for safer and more sustainable buildings to be constructed without damaging the 
environment. 
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